This proof-of-concept pilot study aimed to investigate if a visual illusion that altered the size and muscularity of the back could be embodied and alter perception of the back.
Discussion

Discussion Discussion Discussion
An illusion that makes the back look strong successfully induced embodiment of a visually modified back during a lifting task in a low back pain patient with altered body perception. Both participants tolerated the illusion, there were no adverse effects, and we gained preliminary evidence that the approach may have therapeutic potential. Introduction Introduction Introduction
In patients with chronic low back pain (LBP), there is substantial evidence of alterations in cortical structure and function (Kregel et al., 2017; Ng et al., 2017; Yuan et al., 2017) , including areas involved in self-perception of the back (Wand et al., 2011; Kergel et al., 2015) . Findings consistent with disruption of the mechanisms that underpin body-perception include: impaired lumbar tactile function (Catley et al., 2014a; Wand et al., 2010; Wand et al., 2013; Moseley, 2012) ; proprioception (Laird RA et al., 2014) ; back-specific action recognition (de Lussanet et al., 2012) ; motor imagery (Bray and Moseley., 2011; Bowering et al., 2014) ; and self-reported back-related self-perception (Moseley 2008; Nishigami et al., 2015; Wand et al., 2014a; Wand et al., 2016; Wand et al., 2017; Nishigami et al., 2017; Janssens 2017) . People with LBP also commonly hold maladaptive beliefs about their back's robustness -perceiving it as vulnerable, easily damaged and difficult to heal (Darlow et al., 2014; Darlow et al., 2015) .
Maladaptive back self-perception and beliefs about the fragility of the back are potentially mutually-reinforcing contributors to ongoing pain and disability (Wand 2012a ) and may be potential treatment targets. For example, viewing the back during M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 2 movement reduces pain intensity in people with back pain (Wand et al., 2012b) and viewing the back at rest reduces habitual pain intensity (Diers et al 2016) . Thus improved self-perception of the back afforded by vision may contribute to analgesia.
Interestingly, the enhancing effect of vision on touch perception (i.e., improved tactile acuity) observed elsewhere in the body (Taylor-Clarke et al., 2002 , 2004 Eads et al., 2015) , does not occur at the back (Catley et al., 2014b) , suggesting against improved perception of touch as a mediating mechanism for vision-induced pain relief. Such findings raise the possibility that pain relief with vision of the back may also occur through providing reassuring information about the robustness of the back (i.e., I can see that my back is fine).
Simultaneously targeting maladaptive body perception and beliefs about fragility may have additive effects on pain. One potential method to do this is via mediated reality, where altering live video-feed changes one's own seen body in real-time. This differs from virtual reality (using an avatar within an immersive virtual world) and augmented reality (adding visual features into video feedback of the real-world) in that visual changes are egocentric (i.e., happening to me). Using the MIRAGE-mediated reality system (Newport., 2009) , illusions that alter the appearance of deformed osteoarthritic M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
3 hand have been shown to normalise participants' perception of hand size (Gilpin et al., 2015) and reduce joint pain intensity (Preston et al., 2011) . We have now used this system to manipulate visual contouring and size of the back such that it looks stronger than it really is. Such an illusion could provide evidence against beliefs of heightened fragility, improve impaired body perception and provide evidence against beliefs of heightened fragility - Weeth et al. (2017) found that an illusion of wearing armour decreases experimental pain intensity in healthy volunteers, which lends support to this idea..
Our proof-of-concept study aimed to answer the critical first questions: can an illusion that alters the back's size and muscular appearance be embodied and modify self-perception of the back? We tested two LBP patients -one with and one without impaired back self-perception. To determine tolerability and potential therapeutic promise, we also investigated pain intensity, fear, perceived back strength and confidence during lifting. (Lovibond., 1995; Antony et al., 1998) ), back perception (Fremantle Back Awareness Questionnaire (Wand et al., 2014a) and maladaptive beliefs about the back (Back Beliefs Questionnaire (Symonds et al., 1996) ) were assessed. Participants then shrugged their shoulders and moved their backs while watching this movement for two minutes. Following this, participants performed the lifting task three times for each condition. Participants held the weight for a maximum of 60 seconds. All outcomes (below) were measured for each condition (analysis: average of three trials/condition). After each condition, participants removed the HMD and manually completed the following questionnaires.
Methods
Methods Methods Methods
Design Design Design Design
Primary outcomes Primary outcomes Primary outcomes Primary outcomes
Embodiment and back self-perception were assessed after each condition. A modified embodiment questionnaire (Longo et al., 2008; Tsakiris et al., 2010) Perceived strength ratings were similar in all conditions. Confidence was greater during M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
10 the Reshaped condition than during the other conditions.
Discussion
Discussion Discussion Discussion
This proof-of-concept pilot study tested whether the back illusion can be embodied and modify back self-perception, also exploring tolerability, and therapeutic potential. Our results appear promising given Participant A's response -clearly embodying the muscular appearance of his back, and reporting less pain, less fear and greater perceived strength and confidence during the Strong condition. Such findings clearly suggest that the illusion provided sufficiently compelling and synchronized visual input to shift how his body felt, his confidence in his body and his system's need to protect his back (as indicated by less pain). Participant B, who did not have distorted back perception and only mild pain/disability, did not embody the Strong illusion and reported little difference in strength, fear or pain across the three conditions. Importantly however, the protocol did not induce aversive effects in either participant.
We overcame significant challenges in the provision of real-time, manipulated visual input of the back during a functional task. The image was sufficiently locked to the patient's real back to offer compelling synchronous input. We developed the M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 11 standardized embodiment protocol and the back visual illusion (where visual changes to the back track with participant movement) on the grounds that visuo-tactile and visuo-motor synchrony (i.e., providing two sources of input at the same time) are strong drivers of ownership, agency and location (Piyankova et al., 2014; Ratcliffe and Newport, 2017) . We did not attempt to integrate multiple modalities into a single procedure because we have previously shown that adding modalities to a synchronous input is not as important as maximising synchrony between at least two of them (Walsh et al., 2011) .
Our results point to the potential of exploring the use of a strong back visual illusion as a treatment for LBP, at least LBP during forward bending. In this sense, the current innovation builds on a body of research using visual illusions to understand and treat pain (Moseley et al., 2012; Boesch et al., 2016) . Research initially targeted upper limb pain -most famously mirror therapy for phantom limb pain (Ramachandran and Rogers-Ramachandran., 1996, although see Moseley et al., 2008) , is being extended to LBP (Wand et al., 2012b; Diers et al., 2016) . Whilst current evidence of their broad effect is equivocal (Boesch et al., 2016 ) -further refinement and research is needed.
Our study was not to test efficacy, but it is worth noting that the illusion of a fit and (Darlow, 2015) suggests that a higher cognitive process might be relevant to Participant A's response -his back looked less vulnerable. This would be consistent with contemporary theories that emphasise the protective nature of pain (Gallagher et al., 2013; Moseley and Butler., 2015; Wallwork et al., 2016) , with evidence that contextual cues can have profound effects on pain (e.g. Moseley and Arntz., 2007) and stiffness and the proposal that visually-induced analgesia is mediated via modulation of affective, rather than sensory, mechanisms (Longo et al., 2009) . Other possibilities exist however: perhaps particular visual cues alter the expected locationin space -of noxious input (Stanton et al., 2016a) ; perhaps visual input simply improves spatial processing in general -after all, spatial processing is often disrupted in LBP (Moseley et al., 2012) and there is some evidence that changing the apparent location of painful body parts can induce analgesia (Gallace et al., 2011) .
That Participant B did not embody the Strong back illusion, and reported no shift in other assessments, highlights important future questions, aside from testing efficacy.
There may be merit in exploring whether baseline pain intensity, the presence of body distortion or maladaptive back-related beliefs relate to response to the illusion. Perhaps these stimulations can induce embodiment, even for non-veridical illusions, but only when innate perception of the back is altered. If so, and if the illusion works via an effect on distorted bodily perception, then this MIRAGE-based approach may have application to pain in other body areas, for which real-time illusions are challenging, e.g., the knee (Nishigami et al., 2017) or neck (Harvie et al., 2016; Stanton et al., 2016b) .
One potential limitation of our study is that participants differed in age (34 vs 70 years old). This may impact the ability to experience and embody an illusion (Graham et al., 2015) , and thus influence the degree to which back perception is altered. However, previous work has shown that the degree to which people experience visual illusions is generally stable over adulthood, and if anything, declines with older age (Leibowitz and Judisch., 1967) . Further, evidence from the rubber hand illusion paradigm shows that there is no effect of age on embodiment measures (subjective measures and proprioceptive drift) (Campos et al., 2018) . Thus the present findings that the older be predicted based on age. Together, these findings make age unlikely to be a confounding factor in the present results.
Conclusion Conclusion Conclusion Conclusion
In summary, our approach successfully induced embodiment of a visually modified back during a lifting task in a LBP participant whose body perception was disrupted. Both participants tolerated the illusion, there were no adverse effects, and we gained preliminary evidence that the approach may have therapeutic potential. Pain duration ( 
